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Sir: 

1» 1 am Shiii Zhengs a citia^ of People' s Repiibiie of C -hiiia, having tesiiieitice at fasti ttifce of 
Process Engineering, Chinese Academy of Seietnees, Beiertiao 1, Zhongguancuii, Beijing, 
100190, C'hi«a, hereby declares as foilows: 

2. I received my Bachelor^s and Master*s Degree in Chemistry from Central South 
LMiversity in 1994 and 1997, respectiveiy, aud my Doctor*s Degree in Chemicai l ecimology 
from Institule of Process EogineeTing, C!^hinese Academy of Sciences in 2000. 

3. I am a professor in Institute of Process Engineering, Chinese Academy of Sciences 
(http:/A¥ww ipexasxn). 
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4. During the past seveml years, I have jomtly authored the foliowmg peer-reviewed 
pubjicatioRS that have been published and placed m iiitemationa! circulatiofi: 

( 1 ) Wei Im, Flao Du, Shili Zheng, Bongbin Xu, and Yi Zhang. Comparison of the Oxygen 
Reduction Reaction between NaOH mKi KOM solutior^s on a Ft Electrode: the 
Electrolyte-Dependent Effect. The J€mrnai of i%ymeai Chemistry* B. 114: €>542-6548, 
2010 (conesponding author) 

( 2 ) Wei Jill, SliiK Zhetig, Hao Dxi, Hongbm Xi\ and Yi Zhang, Isopiestic S^tudy of the 
NasCrO^-^H^D System at 353.15 K: I^redktioii of tiie Sohibility of Nja5Cf04 in Aqaeotis 
NaOH Sokitions, Ind. Eng. Chem. JRes., 49 (17): 8244-8247, 2010 (correspondiiig 
author) 

( 3 ) Ying Zhang, Shiii Zheng, Hao Dit Shaona Wang, and Yi Zhang. Soiubility of A!:?0:^ in 
the Na^O-AbOv-H^O-CH^OH System at (30 and 60) V. J<mrmil of Chemical and 
Engineering I>ata. 55: 1237-1240, 2010 (con^espondmg author) 

( 4 ) Ymg Zhaiig, Shili Zheog^ HoKgbm Xti^ Hao Dii ,Yi Zhaitg, Decomposition of chromite 
ore by pxygeti in molten NaOH-NaNO^. httematimmf Jtmrfml o/Mmemi l^omming^ 
95: 10-- 17, 2010 (cQriesponding aulbor) 

( 5 ) Wei Jin^ Shili Zh^tig, Hao Diu Hoiigbin Xa, Shaona Wang, and Yi Zhang. Phase 
Diagrams for the Ternary Na-O-^AisOs-H^O System at (1.50 and ISO) X. X Chem. Eng. 
Daiu, 55 (7): 2470''2473, 20 10 (coJTCspondiiig author) 

( 6 ) Yang Zhang, Shili Zhe«g, i-Iongbin Xu, Hao Du, Yi Zlmng. Phase equilibria in the 
NaOH-Na^CrO^-Na^COs-HaO system. J. Chem. Eng. Data^ 55 (7): 2542^2545, 2010 

(corresponding aiithor) 

(7) Yang ZJiaog, Shih Zhei3g, Hongbia Xu, Hao Du^ Yr Zhang. Phase equiiihria in the 
NaGH-NaI^Q3-Na2Cr04-e20 system. J. CMm. Ef$g* Ihm, 2010, 55 (9): 3029-3031 
(corresponding aiithor) 
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( S ) Wang, Shaooa; Song, Ziwei; Zhang, Yan; Du, Bao; Zheng, Shl-Li; Zhang, Yi. SolubiHly 

Data for the NaOH- NaNO;r-Na5V04 Na:;Crt^^ System at (40 and 80) ^C, X Chem. 

Eftg* I>atii, 55 (H ); 4607 -4610, 2010 (conespondmg aaihor) 
( 9 ) Xiaoliui Wang, ShiJi Zheng, Hongbia Xo, Yi Zhang. Leaching of tiiobiotti and tantaium 

from a low-grade ore using a KOH roast-water leach system. Ml^mm^atbirgy. 98: 219- 

223, 2009 (conrespoflding author) 
( 10 ) Yang Zhang, Shili Zheng, Hao Dik Hongbin Xii, Shaona Wang, Yi Zhang. Improyed 

preeipitattoti of gibbsite^ frprn ^odaim aiuminate soiutitm by add'^^g methanol 

HydnmetailMrgy^ 98 : 3 8-44, 2Q09 (corresponding ai?thor) 
( 1 1 ) Zhi Sun, Yi Zhang, Shi-Li Zbe»g, Yang Zhang, A new method of potassium chromate 

produclion fix>m chromite and KOi-I«KNCVi:bO binmy sub^molten salt system. AICkE 

Jimrnul 55(10): 2646-2656, 2009 

( 12 ) Ying Zlimg, Shili Zlieiig. Haq Du, Shaona Wang, and Yi ZliaBg. Soiubitity AljO^ i^i 
the Na30-Al2G3-l-l30-CI-fe()H System at 30 and 60 ""C. Murfml Chemicai and 
Engineemtg Batff, 98: 38-44, 2009 (coTxej^ponding author) 

( 13 ) Xiaohui Wang, Shili Zheng, Yi Zhang, A novel niethod to prepare tiltrafine potassinm 
tantalate p0\¥ders, Mutermis Lettem^ 62{S-9): 1212- 1214, 2008 (correspoiidmg authof) 

(14) Shaona Wang, Shili Zheng, and Yi Zhang, Stability of 3CaOAi::;03^6H:>0 in 
KOH fK^COs^H^O system for chromate production, Hydmmetniiurgy^ 90(2): 201-206, 
2008 (corresponding author) 

(15 ) Zhi Sim, ShWi Zhetig, Hong-bm Xu, Yi Zhang, Oxidation decomposition of chromite 
ore in molten potassium hydroxide, international Joumai of Mtnerat Processings 83: 
60-67, 2007 (corresponding author) 

( .16) Shuhua Ma, Shiti Zheng, Yifei Zhang and Yi Zhang^ Phase Diagimoi for the NaiO* 
AI2CVH3O System at ISO'^C, Jmimal of Chemical and Engineering Data^ 52: 77*79, 
2007 (corresponding author) 

( 17 ) Sun Zhi, Zheng Shi-Li, Zhang Yi. Investigation of efficient conditions jfbr oacidative 
roasting of chromite ore to produce potassium chromate with KQIl additive. Steei 
Rmearph Mi^tmitiomil^ 78(7): 574-576, 2007 (cprrespanding author) 
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( 18 ) Shi4i Zheng, Yi Zhang, 2-uo~hii Li, Tao Qi Mui-quao, Li, Hoiig-bii) Xu, Cfeeii 

Bietaltuigica! processing of chromite. HydmmetaMurgy. 82: 157-163, 2006 
( 19 ) Shaoiia Wang, Shit* Zheog, m\d Yi Zhang, Vapor Pressure Determinatioii of the 

KOH ^'K^Cr04'fH20 System, Joiimal {jf Chmiieid 51(3): 851-853, 

2006 (correspQiKitog autSboif) 
C 20 ) Chimhua Du, Sbili Ehe»g, Huiquaii Li, and Yi Zhang. Soiid-liquid equiiibria of Ki^CO^ 

K2Cr04 ^ H;^0 System, Jimmal f>fChemiml and Engmeering Dam. 51; 104-t06, 2006 
( 21 ) Chimlma Du, Sbili Zheng, Yi Zhaog* Phase equilibria m tlie KsO-AlsOs^^H^O system at 

40V . Mum Phase E^immtm. 238: 239-241/2005 (con^sponding aut^ 
( 22 ) Hongming Zhou, ShMi Zhiing, Yi Zhang, Daii-qing Yi. A kinetic study of the leaching 

of a low-grade niobium --mialom ore by concentrated KOH sotulion. Ifydrtmtetatlurgy, 

80: .170-178,2005 

( 23 ) H,-B. Xu, ^.--L* Zlietig, Y. Zhang, Z,-K Li mid Z.-K. Wang, 0:}(idative ieachiijg of a 
Vietnamese chrotnite ore in highiy eoncetitrated polassmni hydroxide aqueoiis solution at 
300 C and aimospheric pressure. Minemls Engmeerin,^, IB: 527-535, 2005 

( 24 ) Yi Zhang, Zuohu Li, Tao Qi, Shili Zheng, Huiquan Li, Hongbin Xu. Green 
Bianufacturing process of chromium cornpounds. Ennronmefttal Pt0gress, 24 (1); 44-50, 
2005 

( 25 ) Hongming Zhou, Dan-qing Yi, Yi Zhang, Slii-H Zheng. The dissolntion behavior of 
Nb^Os, Ta^Os and their mixture in highly concentrated KOH soiution , Mydtometuiiurgy^ 
80: 126-13 L 2005 

( 26 ) Hongniing Zliou, ShiK Zheng, Yi Zhang, A new way of synthesis of nonrliTiear optical 
potassium niobate powder. Journal <ff M&termh Scieftee. 39(13): 4359-4361^ 2004 
(corresponding author) 

( 27 ) Hong-Bin Xu, Yi Zhang, Zuo-Hn Li, Shi-Li Zheng, Zhi-Kuan Wang, Tao Qi, Hiii-quan 
Li, Development of a new cleaner production process from chromite ore to chromic oxide. 
Mumat of Cleaner Fr€Hiuctii?n. 14: 211-219,2004 

-4- 



PATENT 

5* Dirring the past several yeers , I have jomtJy prepared and given tJie following Msted 
presentations at intemationai conferences: 

( 1 ) ShUi Zheiig^ Yi Zhang, Zuohu Li, Tao Qi lluiquan Li, Jiongbin Xu, Cxreen 

Hydromet^iiiirgy Process of chromite, The 20()4*s intenrntioiial conference on 

hydrometallyrgy aCHM2004), Xi^an, China. 20CNtJ0 
( 2 ) Sbiii Zheeg, Yi Zhang, Tao Qi, Hiiiquan Li, Hongbiri Xu, Application of Principies*' 

in Chromate Production, 7th Word Congress on Recovery, Recycliiig and Re-integration, 

Beying, China, 2005.9 (keynote) 

6* I have been practicing in this tteld for appR>ximately 13 years. 

7. I am one of the inventors for the pre^sent invention ''METHOD FOR PRODUCTION 
OF ALKALI METAL CHROMATEr^ 

8. Tfie hiventicn of ^'METHOD FOR PRODUCTION OF ALKALI METAL 
CHROM ATES'' has been successfuily applied into industry, and has received the second prize 
in the Chinese National TechnQiog>' Invention in 2005, The related stody has been published in 
over sixty research ariides and applied for more than ten patents in China^ inckiding: 
Research Articles: 

{ I ) Yi ZJiang^ Zao-Hu Li, Tao Qi, SM-Li Zheng, Hni-Qnan Li, Hotig-Bin Xn, Green 
jnanufeeturing process of chrominm compoiinds. Environmental Progress, 2005, 24 
(1): 44^50, 

(2) Yi Zhang, Zuo-Hii Li.Tao Qi, Zhi-Kuan Wang, Shi-Li Zheng Green chemistry of 
chromate cleaner prodnction. The Chinese Journal of Chemistry, 1999, 17 (3): 258- 
266, 202. 
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{ 3 ) S. Zheiig, Y\ Zhang, Z, Li, T. Qi, H. Lu 11^ Xu. Cjreen metallurgical processmg of 
chrofmte. Hydrometalturgy, 2006, 83: 157463. 

( 4 ) HoDg-Bin Xii, Yi Zhang, Zuo-Hu Li, Stii-Li Zheng, Zhi-Kuan Wang, Tao Qi, Hiii- 
Quail li, Deyeiqpmeat of a new cleaim prodxiction process: for producing chromic 
oKtde from ckfoniite ore, Jourimi of Cleatjer Prodiietioii, 2006, 14 (2): 2 1 1-219. 

( 5 ) Ping Li, Hong-Bitt Xu^ Shi-Li Zlieng, Yi Zhang, Zao-Hw Li^ Yu-Latt Bai. A green 
process to prepare chromic oxide green pigment. EBviromnemal Science & 
Teclmology, 2008, 42 (19): 723K7235. 

( 6 ) Xing ZoiJ, Yi Zhang, Cleaniog of chromate manufacttife process. Joumal of 
University of Seimce aiid Technoiogy B^e^ 7 (2): 132-134, 

(7) Z. Sua, S.L. Zheng, Y\ Zhang. Thermodynamics study on the decompositioii of 
chromite with KOH, Acta Metailurgicai Sinica, 2007, 20 (3): \ 87^^192, 

(S ) Dawei Cao^ Yong|ie Zhang, Tao Qi, Jinglong Chu, [.ina Wang, Yi Zhang. Phase 
diagram far the system KsCr^O? ^ CrOa ^ H^O at (25 and 90) "^C. Journal of 
Chemical and Engineering Data, 2007, 52: 766-768. 

( 9 ) CJe Xiniei, Wang Xidong, Zheng, Shili, Zhang Mei, Zhang Yi. Phase relationship of 
complex multi-eaniponeDt system ia chromate cleaner prodrtctian. Pragreas in 
Natural Science, 2007, 17 (7): 845-850. 

( 10 ) Chunhua Da, Shili Zheng. Huiquan Li, Yi Zhang. Solid-liqaid equilibria of K^C^Oj ^ 
IC>Cr(>.i -i" llzO System. Jouma! of C^hemicai and Engineering Data, 2006, 51 (1): 
104-106. 

( 1 1 ) Shaona Wang, Shili Zheng, Hongbin Xii, Yi Zhang. Vapor presstne determination of 
the KOH4"K:^CiC)4"^H20 System. Jioijmal of Cheiiiiicai and Bngineenng Datav 2006, 51 
(3): SSi-853. 

( 12 ) Wang Jioiig, Xti Hongbin, Zhang Songpei, Zhang Yi. Solnbilities of the K2Cr04* 
Ce30B/C2H50H-H20 system. Inorganic Chemicals Industry. 2006, 38 (S): 20-22. 

( 13 ) Chimhua Du, Shili Zheng, Y'i Zhang, Phase equilibria in the K^O-AUO^^-HaO system 
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at 40t}. Fhiid Phase Equilibria, 2005, 238: 239-241. 

( 14 ) Heng-feng Chen, Zuo-lm Li, Yi Zhang. Solabiiity m the KzCr^O? ^ CrO;^ t KNO;^ ^ 
I:iN()3 thQ system. Journal of Chemical aiKi Hngineedng Data, 2004, 49 (1); 143- 
147, 

(15 } Xid:OBg Warigv JMan Cm, Xinlei Cm^ SMli i^heiig, Mei Zlimg^ Yi Zliajig, 
Thermodynamic study of K2Cr04-KA10rKOH-H20 and Na2Cr04-Na.\102- NaOH- 
H2O systems. Journal of University of Science and technology Beijing, 2004, 1 1 (6): 
500-504, 

(16 ) S L. Zheng, Y. Zhang. Themiodyiianiic study of chromite caustic ftision process. 
Acta Metallurgical Smica, 200] , 14 (1): 47-55. 

( 17 ) iin-laii Ciii, Yi Zhang, Study on the KOH 4^ K:>Cr04 ^ H2O System. JoumaJ 

of Cliemical and Engineering Data^ 2000, 45 (6): 12 i 5« 1 2 ] 7. 

(18 ) Jin4an Cui, Yi Zhang. Solubility^ in the Na2Cr04 ^ (NH^^tOa ^ NaHCO^ ^ 
NH4HCO3 ^ H2O System. Journal of Chemical and Etigineering Data^ 2000, 45 (2): 
257^259. 

( 19 ) Cui Jinlan, Zhang Yi, Liu Cliangjian. Phase Diagrams of Na2Cr04-(NH4)2Cr04-H20 
syteiB, Acta Physieo-Ghimica Smica, 2000, 16 ( I ): 70-75, 

( 20) LIU Chang-jian, ZHANG Yi. SoiuMiity of Naty^^ I IC^O^^-H^O system by three 
parameter Piizer model and experimentai verifjcation. Engineering Chemistiy & 
Meianurgy, 2000, 21 (1 ); 6-9, 

(21 ) ZOU Xing, ZHANG Yi. Phase diagram of the Na.O-CrO:^^LOs-H^O quaternionic 
system with higii Na^O content. Engineering Chemistiy & Metaliurgy^ 2;000, 21 (3); 
24S^25L 

( 22 ) Zheng Shih, Zhang Yi. I hemiodyiiamic analysis on new reaction system of liqiiid 
phase ox idation of chromite in oiolteii salt. The Chinese Jonrnai of Nonferroos Metals, 
1999, 9 (4): 800-804. 

( 23 ) CUI jinlan, ZHANG Yi, Study on solubiiities and properties of solution in NaaCrQi- 
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NaeC03-H20 system. ACTA METALLURGiCA SINICA, 1999, 35 (10): 1062-1064. 

( 24 ) ZHENG Shi-Li, ZHANG Yi, CUI Jin-Laxi, Ihennodynaoiic calculation sofitware mid 
its appiicatio«. Computefs and applied chemistry, 1998^ 15 (6): 373-377. 

( 25 ) ZOU Xing, ZHANO Yi, LI Zyobii, HAN Qiyoiig. Phase equilibria of NaOH^ 
N<%A,105*Na2Cr04r^^^^^ salme system. E«giaeeri«g Cbeniistiy & Metalluigy, 1998, 1 9 
(2): n8-I2L 

(26 ) Xu Xia, Zliaiig Yi, Wang Zhikuan. Thermodyiiamicat analysis of the process of 
iiaiu'd-pbase oxidation of chromite, Engmeeriiig Chemistry & Metalluigy, 1996, 17 

(1) : 19-25. 

(27 ) ZHANG Yang, SUN Zhi, ZHENG Shili, ZHANG Yi. Experimental study on 
chromite ore decompositioii by KOH-KNQ^ binary siib-molteii salt, CfeemicaJ 
iiidrntxy^ and engineering progress, 2008, 27 (7): 1042*1047. 

( 28 ) Zhi Sim, Shi4i Zheng, Hong-bin Xu^ Yi Zhang. Oxidation decomposition of chromite 
ore in molten potassium hydroxide. International Journal of Mineral Processing;, 2007, 
83: 60^67. 

( 29 ) Zhi Sun, Shi-l J Zheng, Yi Zhang, Investigation of efficient conditions tor oxidative 
roasting of chromite ore to produce potassiiim chromate with EJJB additive. Steel 
Research Iniemational, 2007, 78 (7): 574-576. 

( 30 ) XU Hongbin, ZHANCj Yi, YOU I laixia, Sepaxation of potassium chromate by 
saiting-out crystaHization. Joxjmal of Chemical industry and Erigineeririg (C^hina), 
2007, 58 (4): 930-937. 

(31) WANG Jiong, XU Hong-bin, ZHANG Song-pei, ZHANG Yi, Experimentai 
investigation oil separation of potassiimi chromate from its aqueoiis soiution by 
SQl\^nting-out crystal ti^^ati^ The Chinese Joiimal of Process Engitieejfing, 2007, 7 

(2) : 246^51, 

{ 32 ) H.-B. XiK S.-L. Zheng, Y. Zhang, Z,-H, Li, Z.-K, Wang. Oxidative leaching of a 
Vietiiamese chromite ore in highly cmicentrated potassium hydroxide ax^ueoos 
solution at 300^C and atmospheric premire. Minerals Engineering, 2005, 18 (5): 527- 
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535. 

( 33 ) Xu HoBgbio, Zhang Yi, Zheng Shiii. The applicatioo: of tim second (saltmg-out) 
crystanization process in the potassium c1ir0mate demiesr production. Journal of 
dhemicai mdustry & engineering, 2003, 24 (2): 1-4. 

( 34 } ZHENG SM% ZHANG Yi. Conx)sioii: performaiice of mi^terials m cliromite oxidation 
process with molten NaOH, Corrosion science and protection technology, 2001, 13 
(4): 230-233, 

{ 35 ) YANG Renchun, HE Lihiii, LI Zuohii, ZHAHG Yi. Separation of Na:>Cr04 and NaCi 
Inorganic cheoiicals itidiistry; 2001, 33 (9): 5-7, AJ . 

(36 ) Zou Xing^ Zhang Yi Hie effect of Na2Cr04 on NaAI(OH)4 notation hydrolysis^ 
Enyironmentai chemistry; 2000, 19 (5): 470-473. 

( 37 ) Zou Xing, Zhang Yi. The sepanition of sodium aluminate impurities trom sodinm 
chromate in cjystaL Environmental chemistjy, 2000, 19 (2): 149-153, 

( 38 ) Ping Li, Hong-Bin Xu^ Yi Ztiang, Zuo-Hu Li^ Shi-Li Zheng, Yii-Lan Bai, The effects 
of Al and Ba on the colour performance of chromic oxide green pigment. Dyes snd 
Pigments, 2009, SO (3): 2S7-29I . 

( 39 ) Zhenzhao Fei, Hongfein X% Yi Zhang. Preparation of Cr^O? nanoparticles via 
C^I feOH hy dj^fiennai rednct Journal of Alloys and C^ionipounds, 2009, 46S (1-2); 

(40) YOU Maixia, XU Hongbin, ZHANG Yi, U Znohu, ZJiENG Shih, BAI Yuian. 
Kinetics of hydrogen rediJCtion of sodinm chromate. CIESC Joiimal, 2009, 60 (3): 
649-653. 

(41 ) Yu-Lan Bai, Hong-Bin Xu, Yi Zhang. Synthesis and characterization of ultra-fine 

CtjOx prepared Irom hydrogen reduction of K:?CrO:t. Joomal of Wtihan University of 
Technoiogy, Materials Science Edition, 2008, 23 (2): 181-183, 

( 42 ) Zhenzhao Pei, Yi Zhang. A novel method to pre^pare CiiO-i nanopartictes. Materials 
Letters, 2008, 62: 504-506. 
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(43) Li Piog, Xu Hoiigbm, Zhang Yk Li Zuoiiu, Zheng SliilL C!11iramic o^ide greeii 
pigment prepared by hydrogen reductiorj and activated sintering method. Joijmal of 
the C'hmese rare earth society, 2008, 26 (Spec, Issue): 854-858, 

( 44 ) Cliengwei Vk Tap Qi, Fii'aii Wang, Yi Zhmg^ Gensheng Chen, Peng Zhang. 
Macrakiiietic study of the electrach^mieal synthesis process of s<3dium dichtomate. 
Chemical: Engineering & lechnology, 2007, 30 (4): 467-473, 

( 45 ) BAI Yu-iaii, XU Hong-bin, ZHANG Yi, Li Zifo-hu. Application of FI-IR and XPS 
technique on the analysis of the mixture containing chromium in a knv valence state. 
Spectroscopy and Spectral Amlysis, 2007, 27 (4): 675-678. 

{46 ) ZHANG Peng, C AO Hong-bin, XIJ Hong-bin, ZHANG Yi, Preparation of uttefirje 
chromia particles by hydrothennal reditction and size control Tlie Cliinese joimial of 
process engineering, 2007, 7 (j ): 95-99, 

( 47 ) CHEN Gen-sheng, U Cheng-wei, WANG Fu-an, ZI3ANG Peng, Qi: Tao, ZWANG Yi, 
Variation of operating voltage in the electrosynthesis process of potassium 
dichromate under different temperature. Henan chemical industi>% 2007, 24 (8): 15- 
17. 

( 48 ) Yu-Lan Bai, Hong-Bin Xu, Yi Zhang^ Zuo-Hu Li. Reducth-e cpnversion of 
hexavaient chromium in the preparation of uilxa«fine chromia powder. Journal of 
Physics and C:hemistry of Solids, 2006, 67 (12): 2589-2595. 

{49 ) C^liengwei Li, Tao Qi, Fa'an Wang, Yi Zhang, Zhihtii Yu. Variation of cell voltage 
with reaction tinie in electrochemical synthesis process of sodium dichromate. 
Chemical Engineering & Technology, 2006, 29 (4): 481 -486. 

( 50 ) LI Yu-ping, ZHANG Yi, QI Tao, LiU Ke-Hng, Determination of impur ides in 
JCsCrjO? by an inductively conpied plasma spectrometer. Spectroscopy and Spectral 
Analysis, 2004, 24 (11): 1428-1431. 

( 51 ) CHEN Heng-fang, IJ Zuo-ha^ ZHANG Yi, O Hu-quan. Phase diagram analysis of a 
new cleaner process for making chromium trioxide and potassium nitrate 
simultaneousiy. Tlia Chinese journal of process engineering, 2004, 4 (6): 577-582. 
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i 52 ) Chen Jieiigfang, Li Huiquao, Li ZuohUs Zhaiig Yi. A new cleaner process for Tiiakuig 
cliroimuoi trioxide mid potassium nitrate simuitaiieously. Cheimcal iiidustry mid 
eogmeeriBg progmss, 2004, 23 (3): 307-310. 

( 53 ) Chen Hengfaiig> Li Zuohii, Zhang Yi, Li .Huiquan. Cleaner production for making 
chroniium trioxide based on gteen chemistry theory, Em- iromiieatal prot^etion^ 2004, 
(10): i9-^2L 

( 54 ) Zhi-mao Yao, Zuo-hu Li, Yi Zhang. Studies on thermal dehydration of hych^ated 
chromic oxide. Journal of Colloid and Interface Science, 2003, 266: 382''387. 

( 55 ) YAO Zhi-mao, LI Ziio-hu, ZHANG Yi. Experimems on reducing potassium 
chromate and potassixmi dichromate to chromic oxide hydnue under hydmthermal 
conditions. The Chinese joomal of process engineering, 2003^ 3 ( I ) : 62-67, 

( 56 ) LIU Chang-Jian* ZHANG Yi. Ciystals in coiiversioii process of sodium chromate 
with ammonia and carbon dioxide. Inorganic chemicais industry, 2003, 35 (6): 20-21, 
48. 

( 57 ) YAG Zllimao, LI Zaohu, ZI-EANCJ Yi, Smdy on preparation of hydrated cliixsniic 
oxide and its thermal demmposidoii. lonmal of the C3iinese ceramic society , 2002, 
30 (Snpplenient): 116-119, 123. 

( 58 ) LIU Chaiig|ian, ZliANG YiXL Zuohti, CIJ! Jhiian, Reaction process of sodiam 
chroinaie with carbon dioxide and ammonia. Engineering chemistry & metailurgy, 
1999, 20 (4): 410-414. 

(59)Shaona Wang, Shih Zheng, Yi Zhmig. Stability of 3CaO Ai>P:r6H:>0 in 
KOH^KsCOjj-fH;:?© system for chronmte jprodnctton. Hydrometailurgy^ 2008, 90 {2): 
201-206. 

( 60 ) WANG Shao-na, ZHENG Shi-K, ZHANG YL Separation of akan-inum and silicoti in 
cleaner production process for potassium chromate. The Chinese Journal of 
Nonferrous Metals, 2007, 17 (7): 1 1 88-^1 194. 

(61) DU Chim-Hua, ZHANG Yi, ZHENG Shi-Li, HONG Tao. Stndy on the effective 

separation of potassium chromate and potassinm carbonate (iL Experimentai 
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investigation an the crystanization process). Scieiice and technology m diemical 
industi:^, 2007, 15 {6): 5-8. 

( 62 ) DU C:iiun^Hua, ZHANG Yi, ZilENtJ Shi^Li, HONCS Tm, Study on the ejfifective 
separ^ion of potassix?m chromate and potassiuati carbonate ( ! . Phase diagram 
analysis md solabiiity ealculation). Scknee and tecteology in ehemieai jjKlustry^ 
2007, 15(5): 1-5. 

( 63 ) QU Jmg-km, ZHENG ShWi, XV Hotig-bm, Ql Tao, ZHANG Yl Separation of 
impimties from liqxud phase oxidation product of chromite and recycle of cai^stic 
potash solution. HydrometaHnrgy of China, 2007, 26 (4): 193-197, 

C64 ) Xu Hongbiii, Zhang Yi, Li Zuohu, Li HuiquaB. Separation of ahiminuni hi the clean 
production process for potassium diehromate. Chemical industry and engineering 
progress, 2003 , 22 (1): 46-48, 

( 65 ) Y'^ao Zhimao^ Li Zuohxi, Zhang Yi, Recovery of caustic potash m new technology' of 
cleaner production of chromic oxide. Chemical industry and engineering progress, 
2002,21 (LI): 864^867. 

(66 ) YANG Ren-chun, HE E>i-hui, LI Zuo-hu, ZHANG Yi, PreHminary study on the 
carbonation of KsCrO^ tbr recovery of }x>tassium alkali in alkaline solution. The 
Chinese journal of process engi jieering, 2001, 1 (4): 422^26. 

( 67 ) DAJ Hao-bo, CAO llong-bin, LI Yu-ping, ZHANCj Yi. Acid leaching and bio- 
ieaching of chramite ore processing residue. The Chinese journal of process 
engineering, 2006, 6 (I): 55-58. 

(68 ) SUN Zhi ZHENG Shili, ZHANG YL Experimental research on the resarircefel 
disposal of chromium-coHtaining residues in cleaner production technology of 
chroinates. Multipurpose utilization of mineral resources, 2005, (6): 36-39. 

( 69 ) WANG Wan-ping^ ZHANG Yi. Comprehensive utthzatiox^ of chromic residues in 
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process of Eero emission of chromium -containing residues, Eugineeriiig chemis^' 

-12^ 



PATENT 
F5§0QB 



and metalltirgy. 1999, 20 (1): 92-97. 

Pateiit Applications: 

( I ) Clean pmduction of sodium chramate, Fublicaticni No, C'N 1226 512 
( 2 .) Clean production process of ammoniuni chromale cj:^^staU Pubtication No. 
CN1310132 

( 3 ) Method of preparing chromium oxide using precarbooation wet reducing 
potassium chromate or sodium chromate, Pijbiication No, CN 1410356 

( 4 ) Method of preparing chrominm oxide using wet reducing potassium bichromate 
or sodium bichromate, Publication No. CN 14. 1 0357 

{ 5 ) Process for preparing magnesium carbonate wbisker. Publication No. 
CN1463923 

(6) Nano diGhromiuni dioxide catalyst for preparing ethylene hi' mmg catl^on 

dioxide to oxidate etJmne and dehydiogenation, Pubtication No. CN1515354 
{ 7 ) New cleaning technoiogy of chromic acid anhydride and nitric acid anhydride 

joint production. Publication No. CNl 493525 
( 8 ) Method for preparing caicium chromate. Publication No. CN 15 19203 
( 9 ) Production metl'iod of potassium dichromate, Pirt>lication N o. CN1565979 
( 10 ) METHOD FOR PROmJCTlON OF ALKALI METAL CHRDMATES, 

Publication No, WO2004083123 
( 11 ) Method of preparing cbroniiiun oxide by rediicing chitsmate with gaseous 

reducing agent at lo\v tempetBture:, Publication No. CN 1907S65 
( 12 ) Chromiiun slag processing method for cbemical-bioiogicat coupling reduction 

of hexavalent chrome. Publication No. CN 1962096 
( 13 ) <!*lirotnic slag treatment method of detoxifying hexavalent cliromium directly by 

biologic method;. Publication No. CNl 733375 
{ 14 ) Process for prepaiing high specific surface area chromiiun catalyst utilizing 

microbes, Publication No. CN l 73 3 359 
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(15 ) Basicity comrallable poly ferric sulfate pr^pamti do method, Pablication No. 
CN1S00D32 

( 16 ) Method for preparing soda from reussin. Publication No. CN 1490347 

(17) Method for prepari ng co loivr termalba fmtn waste iiy ipsufn c^iitaini«g chrcmimin, 

Piibiication No.CNi S08O8S 
{ 18 ) Process for preparing magnesia whisker, PubJicatiou No, CN1463922 
{ 19 ) Method of preparmg light magnesium carbonate frooi heavy magnesiiim water, 

Publicatiori No, CNi4l03Si 
( 20 ) GoHTpreliensive tjtilizatioii method of eowertiing chromium slag totaliy into 

light magnesiuoi cmbonate and fine iron breeze, Piibiication No. CN 141 0352 

9. Below is a certificate of Cilhioese National Teclmoiogy Invention Award for The itivention of 
^^METHOD FOR PRODUCriON OF ALKALI METAL C:i-iROMA'rES^\ 
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lO* Beiow are pictures at tlw mditstriai applkaiioii of hwmtion of 'MET HOD FOii 
prodijc:tk>n of alkali metal CHROMATES". 

(1 ) A picture of the mnt for decomposing chromite ore: 




(2) A piciure of the plaint for potassium chroDiate separation: 
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11. I be Okabe '4 J 2 patent lias the followiiig sliortcomings: 

(1) The Okabe *412 patent x^uires chrome ore to react with a melting alkali metal hyciroxide by 
usi ng a nitrogen oxy acid as an oxidant and requires a reaction temperature of more than 400 "^C, 
due to a eutectic tempemtui^ requimd for meltiiig the oiixtiire of the alkali metal l^ydroxide aiid 
the niti^ogen oxyacid. If the reaction temperature is below 400 ""C in Okabe '412^s system, the 
alkali metal hydroxide and the nitrogen oxyax:id cmi not be formed m a moiteo state, and the 
chrome ore can not be eftectively decomposed even tor a pmlonged reaction time* 
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(2) The Okabe "412 patent uses lutrogen oxyacid as an oxMaiit. The amoimt of nitrogeii oxyacid 
required for decomposing clmmiite ore is based on a stoichiometric amount {see tiie foilowing 
reaction fonnulae: 

5Cr203(in ore) 4- MMOH t 6MNO^ l OM^CMl* ^ 3N2 4 711.0 
0^>03(^^ ore) 2MOH ^ ZlVlNOs 2M3Cr04 ^ -i- H3O 
wherein M is an alkali metal, such as Na, Ka or Li, 

Due to the high price and large aiBOimt of nitrogen oxyacid required for the reaction^ the Okabe 
*41 2's technology is not economical to achieve industrial applications. 

12* Onr invention is diifeettt fto^ the Okabe Hll patejit in the following aspects: 

(1) Our itvvention uses the reaction of potas^iiJm hydroxide solution and chmmite ore^ with air as 

an oxidatit. A small amount of water is preserit in the reaction system. Tharefbre, even at tow 

teiroperatijres, the potassium hydroxide can exist in a liquid state. Therefore^ the reaction 

tennpetature cpi be reduced to 400 %l See the pnended elairn 2| : 

"reaction temperature is in a range of from 200 "^C to 
350 ^C" 

(2) Our invention uses air or oxygen as m axldant. Because air is cheap and easy to obtain^ it: is 
more suitable for iiidustriai appltcalians and wiil not generate dangerous gases, in fact, in our 
curreut prodnction lines, compressed air is used as the oxidant. The reaction fonmda is as 
follows; 

Cr.OKiii ore) 4MOH ^ IJSQ2 SMtCxO^ ^ 2hhO 
See the amended claim 23: 
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^^'wlierem said oxidant is air or oxygen.'^ 

13, Both of C:N 1240763 and CN 1226512 are Chinese patents. <:^N 122651 2 was appHed by our 
institute, and CN 1240763 was appiied by a compaiiy thai used to coiiaborale with us. Bolti of 
the CN 1240763 and CN 1226512 patents produce sodium chromate. The CN 1226512 patent 
uses air as the oxidant, and fbciises on the separation step between the sodtutn chromate and 
sodkmi aiumiuate. The CN 1240763 patent uses pme oxygen as die oxidant, and focuses on tlie 
descriprion of the process flow. Our present ttivention produces potassium chrotnate, and was 
deveioped based on the CN 1240763 and CN 1226512 patents that produce sodium chxomate, 

14* Our iiivention is differem from the CN 1240763 and CN 1226512 patents in the fbl lowing 
aspects: 

(1) Both of the CN 1240763 and CN 1226512 patents produce sodium chromatevWhicb requires 
a relatively high reaction teniperature of 500 to 600 ""C, On the other hat^d^ our present inventiot^ 
produces potassiimi cliromate which reqiiires a reaction temperature that is about 200 '^C lower 
than the reaction ternperatore requiied for producing sodium chromate. Doe to the high reaction 
tempesmture required producing sodiunit ehfomate, the tife time fot the core mmiufacturmg 
equipment is relatively §hoit. hi less than three month, tilie flange gasket of the reactor for 
producing sodium chromple was corroded, arid could not be tised. Therefore, we had to reach ob 
the production of potassrum chrornate. Now, tlie manufacturing ecjuiptnent for producing the 
potassium chromate, which is built iu accordance with the present invention, has been running 
for more than ilve yeai^s, and is still running; See the amended claim 21 : 
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"''reaction temperauire is in a range of from 200 "^C to 
350 ^C" 



(2> The j^eparatioft piXK^ess for sodium chroitrate in the (i^N 1240763 atid C'N 1226512 patents 

and the sepamtion process for potassiiim chrooiate in our invention am difJereni fiom each ottier . 

In the CN 1240763 and CN 1226512 patetits, the solubility of sodiam chromate in sodium 

hydroxide solution is relatively high, but the solubility varies iargely with temperature. 

llierefore, the CN 1240763 and CN 1226512 patents use a cooling cr>^stallization method to 

separate the sodium chromate from the sodmm hydroxide solution, and thus obtaining sodiiuB 

chromate crystal with a high crystallization ratio of abont 55%. On the other hand, in our 

invention, the solubility of pot^ssi am chronuate in the potassiuni hydroxide solution is small if 

the potassium chromate is separated from die potassium hydroxide solution usirig the cooling 

crysta|H2:ation method as taug^^^^ by the CM 1240763 and CN 1226512 patents, the Ctystanization 

rate for potassium chromate crystal would be ahont 17%, which is very low. Therefore, our 

invention uses an evaporation crystallisation method to separate the potassi urn chromate from 

the i>otassiimi hydroxide solution, thus obtaining the potassimn chromate ciystaJ witli a high 

cry stalMzaiion rate of about 95 .S%. See tlie amended claim 22 (emphasis added): 

'^separating potassium chromate from the pure 
potassium chromate aqueous solution using an evaporjitioii 
cry$taIlizatioii methodl by heating the pure potasssium 
chromate aqueous solution to evaporate water from the pure 
potassium chromate aqueous solution to obtain potassium 
chromate crystal precipitates and a mother Hquor, filtering 
the potassium chromate crystal precipitates from the mother 
liquor and drying the potassium chromate crysta! 
precipitates to obtain the high purity potassium chromate 
crystaL'* 
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I HEREBY DECLARE that a!l statements made herein of my own knowledge are tnie 
and that aU statements made on information and belief are believed to be true; and further that 
these statements are made with the knowledge that wSUful false statements and the like so made 
are punishable by fme or imprisonment, or botit, under §1001 of Title 18 LIS. Code and that 
such willful false statements may jeopardize the validity of the applieatton or any patent issued 
thereon. 
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